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REMARKS 

Favorable reconsideration and allowance of the subject 
application are respectfully requested. Claims 1-9 are pending in 
the present application, with claims 1 and 9 being independent. 

Drawings 

Applicant respectfully requests that the Examiner indicate in 
any subsequent Office Action, whether or not the drawing that was 
filed on August 23, 2004, has been accepted (see item 10 of the 
Office Action Summary Sheet) . 

In addition, Applicant submits herewith two additional figures 
in an effort to clarify the feature of sensor drift. These figures 
do not add any new subject matter. 

Claim Rejections Under 35 U.S.C. §112 

The Examiner rejected claims 1, 4-6, and 9 under 35 U.S.C. 
§112, first paragraph, as failing to comply with the written 
description requirement. This rejection is respectfully traversed. 

Specifically, the Examiner states that Applicant expand on the 
meaning of "drift in the feedback sensor" and "forgetting factor" in 
the specification. 

Applicant notes, that although the 35 U.S.C. §112, first 
paragraph, rejection is improper, because the features of sensor 
drift and forgetting factor are well known to one skilled in the 
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art, Applicant has amended the specification to explain these well 
known features in an effort expedite the prosecution of the present 
application. 

Accordingly, withdrawal of the rejection is respectfully 
requested. 

Substitute Specification 

Applicant submits herewith a substitute specification, in which 
the specification has been amended, as noted above, in an effort to 
clarify the ■ well-known features of sensor drift and forgetting 
factor. 

Applicant respectfully submits that the substitute 
specification does not add any new subject matter. 

Claim Rejections Under 35 U.S.C. §103 

The Examiner rejected claims 1-3 and 7-9 under 35 U.S.C. 
§103 (a) as being unpatentable over Murakami et al . (US 4,914,365) in 
view of Hakala et al . (WO 99/28229) . This rejection is respectfully 
traversed. 

Independent claim 1 is directed to a method for correcting 
speed feedback in a synchronous permanent -magnet motor. A speed 
value of the synchronous permanent -magnet motor is measured by a 
feedback sensor. Then, averages of a speed reference and a speed 
measurement are calculated for downward and upward constant -speed 
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travel. Gain and zero factors are identified and the measured speed 
value is corrected to compensate for drift in the feedback sensor. 

Applicant respectfully submits that neither Murakami et al . nor 
Hakala et al . teach or suggest that a drift is compensated in a 
feedback sensor or a measuring unit, as recited in claims 1 and 9, 
respectively. 

In fact, in rejecting independent claims 1 and 9, the Examiner 
failed to take these features into consideration. And thus, because 
the cited art, either alone or in combination, fails to teach or 
suggest all the features of the independent claims, a prima facie 
case of obviousness cannot be substantiated. 

Furthermore, Applicant notes that Murakami et al . describes a 
servo motor controller for robots for compensating vibrations of the 
robot arm when running the robot with different speeds, loads etc. 
Murakami et al . does not teach, as noted above, how to compensate 
drift errors of the speed sensor output signal (Gd m -signal) , because 
the uncompensated w m - signal is connected to the point 9 and to the 
box 11 (damper element) directly without any drift compensation, see 
Fig. 1 of Murakami et al. Thus, Murakami et al . does not teach 
offset drift compensation nor how to compensate gain drift of the 
co m - signal . 

Dependent claims 2-8 should be considered allowable at least 
for depending from an allowable base claim. 

Accordingly, withdrawal of the rejection is respectfully 
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requested. 



Conclusion 



In view of the above amendments and remarks, this application 
appears to be in condition for allowance and the Examiner is, 
therefore, requested to reexamine the application and pass the 
claims to issue. 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is respectfully 
requested to contact Martin Geissler (Reg. 51,011) at telephone 
number (703) 205-8000, which is located in the Washington, DC area. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension of 
time fees. 




BIRCH, STEWAM^fe^SCH-& BIRCH, LLP 



Micjftafel K. Mutter, Reg. #29, 680 
P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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Substitute Specification 
Marked-Up Version 

Additional Drawing (Figs. 3a and 3b) 
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AMENDMENTS TO THE SPECIFICATION 

IN THE SPECIFICATION 

Please replace the specification currently on record with the 
substitute specification submitted herewith. 
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AMENDMENTS TO THE DRAWINGS 

Submitted herewith is one (1) additional drawing that complies 

with the provisions of 37 C.F.R. § 1.84. With the drawing, Figs. 3a 
and 3b have been added. 

It is respectfully requested that the additional drawing be 

approved and made a part of the record of the above-identified 
application. 
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MARKED-UP VERSION OF THE FIRST SUBSTITUTE SPECIFICATION 

Method For Correcting Speed Feedback In A Permanent-Magnet Motor 

[0001] This application is a Continuation of copending PCT International 
Application No. PCT/F 1 02/00650 filed on July 31, 2002, which designated the 
United States, and on which priority is claimed under 35 U.S.C. § 120, and this 
Nonprovisional application claims priority under 35 U.S.C. § 119(a) on Patent 
Application No(s). 20011598 filed in Finland on August 1, 2001, the entire 
contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a method for correcting speed feed- 
back in a synchronous permanent-magnet motor. 

2. Description of the Background Art 

[0003] The problem is that, in the prior art, speed feedback in a 
synchronous permanent-magnet motor changes slowly e.g. as a function of 
temperature. When used as an elevator drive machine, the permanent-magnet 
motor is typically subjected to long-lasting peek-level loads, during which the 
temperature of the elevator machine rises. As the machine is developing heat, the 
speed feedback sensor attached to the machine becomes heated. In the present 
context, the above-mentioned speed feedback sensor is a tachometer. Thus, the 
speed information obtained from the tachometer changes, e.g. drifts, as a 
function of the temperature of the machine and especially of the tachometer. In 
the above-mentioned situation, the speed feedback information typically includes 
a 3% gain and zero error, which is visible in the entire speed regulation system. A 
rise in the machine temperature may naturally also be due to development of heat 
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in the elevator shaft when a synchronous permanent-magnet motor is used as an 
elevator drive motor. 

[0004] Sensor drift is well known to mean that a sensor output has 

some error value that varies (drifts) for some reasons, e.g. time, 
temperature, utilization etc. Figs. 3a and 3b show an effect of offset drift 
and gain drift on a sensor output signal. In case of tachometers, offset drift 
and gain drift are caused, for example, when temperature changes because 
effective mechanical dimensions of tachometer changes causing drift in 
output signal, or effective magnetic fields inside tachometer changes 
causing drift in output signal. Offset drift and gain drift are also caused, for 
example, when using a tachometer (after installation) because tachometers 
have brushes (like PC motors), which will wear (mechanically) the more the 
tachometer is used. Wearing causes changes in electrical contacts and 
therefore, there will also be a drift in tachometer output signal. If the 
tachometer is not used regularly, contact elements will become oxidized 
causing drift. Such wearing effects may take weeks, months, even years in 
regular elevator use. 

[00051 When using the tachometer as a servomotor feedback sensor, 

for example, in elevator systems, there may be up to a 10% error (drift) in a 
tachometer output signal, mainly because of tachometer gain drift. Both 
offset drift and gain drift may increase or decrease the tachometer signal 
(positive or negative drift), this behavior depends on tachometer 
constructions, manufacturing processes, usage etc. If drift errors are not 
compensated, the elevator may run slower than designed, it will have 
problems for stopping at floor stops, there may be oscillations in an 
elevator drive motor rotation speed, etc. 

[0006] Previously known solutions attempted in order to deal with the 

above-mentioned problem by generating an advance estimate of the speed signal 
error produced in the above-described manner and eliminating the error on an 
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average. However, this method would not lead to accurate and reliable correction 
of the error. 

[0005 00071 Another known way of solving the aforesaid problem is based on 
measurement of speed feedback. In this case, a known distance is traversed at a 
known speed, so the speed feedback error can be corrected at the operating point 
in question. The problem with this method is the continuously changing operating 
point, so the correction is naturally inaccurate. 

SUMMARY OF THE INVENTION 
[0006 00081 It is therefore an object of the present invention to eliminate the 
abovementioned drawback in static correction of speed feedback. 

[0007 0Q091 A specific object of the invention is to disclose a method for 
continuous correction of speed feedback in a synchronous permanent-magnet 
motor that is better than prior-art methods. 

[0008 00101 The method of the invention provides significant advantages as 
compared with prior art. 

[0008 00111 The method of the invention allows advantageous correction of non- 
linearities in the measurement of the speed of a synchronous permanent-magnet 
motor. A specific object of the invention is to correct the slow drift of speed 
feedback in the measurement of the speed of a synchronous permanent-magnet 
motor. This aforesaid drift may occur e.g. in relation to temperature. 

[0010 00121 Another advantage of the method of the invention is that it is an 
adaptive method, which means that, once the initial values have been set, the 
method learns the correct factors. In addition, in the calculation of the parameters 
to be used in the method, it is possible to include a forgetting factor, which makes 
it possible to perform the changing of the aforesaid parameters in a controlled 



3 



Application No. 10/756,380 
Docket No. 1381-0307P 
2 nd Marked-Up Version 

manner. Via controlled changing of the above-mentioned parameters, it is 
possible to achieve some correction of the direction dependence of the zero and 
gain error. 

[0044 0013] The present invention concerns a method for correcting speed 
feedback in a synchronous permanent-magnet motor. In the most preferred 
embodiment of the invention, the averages of speed reference and speed 
measurement for constant-speed downward travel are calculated. In a 
corresponding manner, the average of speed reference and speed measurement 
for constant-speed upward travel is calculated. Next, the gain and zero factors to 
be used in the calculation are identified and the measured speed measurement 
value is corrected to the correct value. 

[ 0012 00141 All the above-mentioned averages of speeds are calculated using 
the sum of the respective speeds and the number of samples. For example, the 
average of the speeds of downward constant-speed travel is calculated by 
dividing the sum of the speeds of constant-speed downward travel by the number 
of samples of downward constant speed. Similarly, the average of the speeds of 
constant-speed upward travel is calculated by dividing the sum of the speeds of 
constant-speed upward travel by the number of samples of upward constant 
speed. 

[0043 0015] In a preferred embodiment of, the invention, the synchronous 
permanent-magnet motor of the method is used as an elevator drive machine. 

[0044 0016] According to the method, the speed gain factor and the speed zero 
factor are first assigned certain initial values. After this, new speed gain and zero 
factors are calculated. 

[0045 00171 According to the invention, the aforesaid speed gain factor and 
speed zero factor are updated by a forgetting factor. This aforesaid forgetting 
factor is an exponential factor. This aforesaid forgetting factor is used in the 
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present method so that, by applying the aforesaid forgetting factor, measurement 
samples of recent history are given more weight as compared with earlier 
measurement samples. 

[00181 This forgetting factor is a weighting coefficient that defines how 
much old data and how much new data is used for calculating a new value 
for, for example, a tachometer gain factor or zero factor. For example, when 
calculating the gain factor, the following formula can be utilized: 

Gn=K*MGn + (1-K)*G n .i 
wherein Gn is the nth tachometer gain factor (calculated); MGn Is the nth 
measured tachometer gain factor (e.g.. new measured sample): G n .i is the 
previous tachometer gain factor (calculated): and K is the forgetting factor, 
which can have a value between 0 and 1. for example. 

[0019] As such, for example, if K = 0.1, then 90 percent of the previous 

data is taken into account and 10 percent of the previous data is forgotten. 
In other words, by expanding the calculation of GO. G1, etc.. the following 
exponential formulas could be produced: 

GO = K*MG0 (initial) 

G1 =K*MG1 +(1-K)*G0 

G2 = K*MG2 + (1-k)*G1 

[0020] Then, via substitution, one can see that G2 would be K*MG2 + 

(1-k)*K*MG1 +(1-K) 2 *K*MG0. 

1*00211 As can be seen in the above formulas, the older the measured 

value MGn is, the smaller its weighting coefficient (forgetting factor) 
becomes, i.e., the history will be slowly forgotten. 

r0022 fOO4€1 Further scope of applicability of the present invention will 

become apparent from the detailed description given hereinafter. However, it 
should be understood that the detailed description and specific examples, while 
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indicating preferred embodiments of the invention, are given by way of illustration 
only, since various changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art from this detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[004-7 00231 The present invention will become more fully understood from the 
detailed description given hereinbelow and the accompanying drawings which are 
given by way of illustration only, and thus, are not limitive of the present invention, 
and wherein: 

[0048 00241 Fig. 1 is an illustrative cross-section of a permanent magnet motor; 

ci ■ i \jf 

[0040 0025] Fig. 2 is a flow chart of a method according to a preferred 
embodiment of the present invention ; and 

[0026] Figs. 3a and 3b show an effect of offset drift and gain drift on a 

sensor output signals 

DETAILED DESCRIPTION 
[ 0020 00271 Fig. 1 shows a simplified illustration of a permanent magnet motor 1 . 
The permanent magnet motor 1 has a shaft 3 that is fixedly attached to a rotor 5. 
The rotor 5 is typically a magnet that rotates because of an electrical force 
generated by windings of a stator 7. The permanent magnet motor 1 also further 
includes a speed feedback sensor 9 that measures a rotational speed of the 
permanent magnet motor 1 . This speed feedback sensor 9 is shown to be located 
on the shaft 3 in Fig. 1, however, the speed feedback sensor 9 can also be 
provided in any suitable location on the permanent magnet motor 1. 
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[0024 00281 Fig. 2 is a flow chart of a method according to a preferred 
embodiment of the present invention. In step S1 averages of a speed reference 
and speed measurement for downward travel is calculated. In step S3 averages of 
a speed reference and speed measurement for upward travel is calculated. Then, 
in step S5, the gain and zero factors are identified. Thereafter, in step S7, the 
measured speed measurement value is corrected on the basis of the identified 
gain and zero factors. 

[0022 00291 The invention being thus described, it will be obvious that the same 
may be varied in many ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are to be included within the scope of 
the following claims. 

What is claimed is: 
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